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Abstract 
In Engineering Design course, students’ background, knowledge and skills should be considered to stimulate the creativity. Thus, 
the Analytic Network Process (ANP) has been used in deciding the factor that ignites creativity. However, there is uncertainty 
and vagueness existing in the judgment of students’ need and expectations. Fuzzy ANP approach is used to determine a way in 
improving the creativity of the students in introductory engineering course. ANP equipped with fuzzy logic helps in overcoming 
the impreciseness in the preferences. The findings will help the instructor to improve and modify the delivery of the course to 
meet the course objectives. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Almost all human activities, more or less creativity is included; in the appliances used, music listened, in the 
movies, in the theatres, in short, it is in everywhere that the human have five senses. It is not possible to run away 
from creativity.  
Artistic and aesthetic creativity was the main focus of creativity in 1920’s (Cropley;Cropley, 2005). Also in the 
same years, the importance of creativity in engineering started to arise (Ferguson, 1992). The creativity is defined as 
“the process of sensing problems or gaps in information, forming ideas of hypothesis, testing and modifying these  
hypotheses, and communicating the results” (Torrance, 1963). According to Torrance, the output of creative process 
may be a product, process or something new to an individual or culture (Torrance, 1974). Fred et al (1993) defined 
the creativity as “the awareness, observation, imagination, conceptualization and rearrangement of existing elements 
to generate new ideas”. 
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Weisberg (1986) and Sternberg (1999) suggest thinking in novel ways and having novel and appropriate works 
for creativity. Beside all of these definitions, creative act is affected from cognitive processes, personal 
characteristics, life span development and social context (Simonton, 2000).  
In engineering design, the focus is to produce a sellable product in a functional and cost-effective manner. To 
have a successful completion of a product, one should have creative ideas (Court, 1998). Some literature supports to 
include creativity in the design process (Hatchuel&Weil, 2009). Alos, in the business and industry area, creativity is 
highly supported (Mahle, 2007). For the future of the students, they should meet with creative activities during their 
engineering education.  
There are different engineering creativity assessment measures in the literature: The Owens Creativity Test 
(Owen, 1960), the Purdue Creativity Test (Lawshe&Harris, 1960) and the Creative Engineering Design Assessment 
(CEDA) (Charyton et al, 2008). All of these measures deal with the three mechanisms of engineering: cognitive 
processes, personal characteristics and social context. However, the forth mechanism, life span development where 
represents the experiences of the individual , is missing. The research aim to seek to the following question:  
 “Which one is the dominant factor, the satisfaction of the expectation from the 
instructor, the satisfaction of the expectation from the course, to know the expectations from the 
profession to come up with a creative process in the engineering design course?” 
The focus of the result is to embed the students’ experiences and expectations to the course for a higher 
performance in engineering design course.  
2. Method 
2.1. Participants 
Data were collected from 92 freshman students registered to Introduction to Engineering course held in the 
'HSDUWPHQWRI$WÕOÕP8QLYHUVLW\LQ$QNDUD7XUNH\7KHDQDO\VLVRIWKLVVXUYH\LQFOXGHVGDWDIURPDQG
fall semesters. 4 participants excluded from the analysis due to incomplete data. The instructor requested all students 
to volunteer to the study for the improvement of the course.  
2.2. Instrument and Procedure 
Participants were successively administered a questionnaire consisting three questions: 
1. Why did you choose to study engineering? 
2. What are your expectations from the Introduction to Engineering course? 
3. :KDWDUH\RXUH[SHFWDWLRQVIURPWKHFRXUVH¶VLQVWUXFWRU" 
The questions are open-ended not to constraint the students in answering. By that way, the instructor may 
confront with different answers that were not thought before. The questions are asked in the second meeting of the 
course after giving a brief introduction about the course and the instructor.  
These three questions are related with the experience and the background of the student. First question is asked to 
determine whether the student is aware of being an engineer or not. The second and third questions are asked to 
determine if the student is clear about his/her needs from the course and instructor although they know little about 
them.  
The responses for all three questions are grouped considering the similarities between them by asking experts in 
the education and design arena. The answers to questions asked vary from student to student. However, for all three 
questions, all of the responses are grouped into five headings. The headings are formed considering the similarities 
between the responses. The aim is to determine the major criteria that should be considered for increase in the 
creativity in Introduction to Engineering course. These are: 
 1. Like to design (design) 
2. Want to be ready for the future (future) 
3. Prefer teamwork (teamwork) 
4. Having skills suitable for being an engineer (talent) 
5. Like problem analysis (analysis) 
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All of these five criteria effect the expectations from being an engineer, from the instructor and the course (Figure 
1).  
To determine the importance order of the factors, the results are analyzed by using fuzzy ANP method. Fuzzy 
method is included in this study to cover the vagueness in their expectations. 
2.2.1.  Analytical Network Process (ANP) 
ANP, also introduced by Saaty, is a generalization of the analytic hierarchy process (AHP). Whereas AHP 
represents a framework with a uni-directional hierarchical AHP relationship, ANP allows for complex 
interrelationships among decision levels and attributes. The ANP feedback approach replaces hierarchies with 
networks in which the relationships between levels are not easily represented as higher or lower, dominant or 
subordinate, direct or indirect. For instance, not only does the importance of the criteria determine the importance of 
the alternatives, as in a hierarchy, but also the importance of the alternatives may impact on the importance of the 
criteria (Saaty, 1996). 
The ANP approach is capable of handing interdependent relationships among elements by obtaining composite 
weights through the development of a supermatrix. The supermatrix concept contains parallels to the Markov chain 
process (Saaty, 1996), where relative importance weights are adjusted by forming a supermatrix from the 
eigenvectors of these relative importance weights. The weights are then adjusted by determining the products of the 
supermatrix.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Relationship between the five criteria and the expectations of the student 
2.2.2.  Fuzzy ANP Method 
We set up the Triangular Fuzzy Numbers (TFN’s). Each expert makes a pair-wise comparison of the decision 
criteria and gives them relative scores. The inability of ANP to deal with the impression and subjectiveness in the 
pair-wise comparison process has been improved in the fuzzy ANP. Instead of a crisp value, the fuzzy ANP is a 
range of values to incorporate the decision-makers’ uncertainty. In this method, the fuzzy conversion scale is as in 
Table 1. This scale has been employed in Mikhailov  (2003) fuzzy prioritization approach. 
 
Table 1: The 1-9 Fuzzy conversion scale 
Importance intensity Triangular fuzzy scale Importance intensity Triangular fuzzy scale 
1 (1,1,1) 1/1 (1/1,1/1,1/1) 
2 (1.6,2.0,2.4) 1/2 (1/2.4,1/2.0,1/1.6) 
3 (2.4,3.0,3.6) 1/3 (1/3.6,1/3.0,1/2.4) 
5 (4.0,5.0,6.0) 1/5 (1/6.0,1/5.0,1/4.0) 
7 (5.6,7.0,8.4) 1/7 (1/8.4,1/7.0,1/5.6) 
9 (7.2,9.0,10.8) 1/9 (1/10.8,1/9.0,1/7.2) 
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We set up the TFN’s using the ANP method based on the fuzzy numbers. Each expert makes a pair-wise 
comparison of the decision criteria and gives them relative scores: 
 (2) 
                                                                                                                                                  (3)     
            (4) 
 
 
We establish the geometric fuzzy mean of the total row, using: 
                                                                                                                                                                                      (5)         
 
The fuzzy geometric mean of the fuzzy priority value is calculated with normalization priorities for factors using: 
                                                                                                                                                                                      (6)   
 
 
)DFWRUVEHORQJLQJWRQLQHGLIIHUHQWĮ-FXWYDOXHVDUHGHWHUPLQHGIRUWKHFDOFXODWHGĮ7KHIX]]\SULRULWLHVZLOOEH
DSSOLHGIRUORZHUDQGXSSHUOLPLWVIRUHDFKĮYDOXH 
                                                                                                                                           (7)          
 
&RPELQHWKHHQWLUHXSSHUYDOXHVDQGWKHORZHUYDOXHVVHSDUDWHO\WKHQGLYLGHWKHPE\WKHWRWDOVXPRIĮYDOXH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                                                                                                                                                                                      (8) 
                                                                                                                                                                                      (9) 
 
 
 
The following formula is used in order to defuzzify by combining the upper limit value and the lower limit values 
XVLQJWKHRSWLPLVPLQGH[Ȝ 
                                                                                                                                                                                    (10)   
 
In this final stage the defuzzification values priorities are normalized using:  
(11) 
 
 
The final step deals with determining the degree of relations among different units by multiplying the matrices, Wk. 
 
 
Figure 2. 
  Relations among different units (super matrix) (Saaty, 1996, Rouyendegh B D, et al. 2010) 
3. Results and Discussion  
When fuzzy method is applied to the factors, the most affective factor is the instructor (0,213) to increase the 
creativity in engineering design. The instructor should understand the expectations of the student and should become 
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stimulate creativity by taking the students’ abilities, attributes attitudes and observable behaviour into consideration 
(Forrester&Hui, 2006).  
Satisfaction of the expectations from the course (0,092) is the second important factor. At the beginning of the 
term what the course aims to give should be clearly defined and the context should be outlined accordingly. The 
students’ needs and expectations especially considering their learning styles should be satisfied. So that students will 
be encouraged and help them to develop different perspectives (Sternberg and Grigorenko, 2004). 
Having a reason/desire to study engineering is the least effective factor (0,050) in stimulating the creativity. This 
result may show that although the students may come to the department by chance, the situation may improve in the 
future and they may have strong desire to be an engineer in the future. However, this factor, with its reasons should 
be searched in deeper.  
4. Conclusion 
Creativity is not only limited with the teaching methods but related with the background, skills and experience of 
the student. The important thing is to find a way to stimulate the creativity. The present findings showed that the 
most effective factor to increase the creativity in introduction to engineering course is the instructor. Instructor 
should fulfil the course content, where as apply methods and different types of teaching styles to increase the 
creativity in the course so as the satisfaction of the course. 
5. Future Study 
Further study to be conducted involves asking detailed questions related with the student and search how life 
span development affects cognitive processes, personal characteristics and social context in terms of increasing 
creativity.  
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